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Section 17.2 . the Integrals

Lasttime Defined scalar line integral using the idea
of Riemann sums

today ; Investigate some applications in physics .
Learn vector line Integral

② Applications of Scalar Line Integral
• If e Gay -Z) denotes density over e , then

[total amount over e] = Je f Guy ,
a ds

• If p Guy .Z) denotes charge density over e, then
Coulomb's law tells :

[electric potential at P] = kfe ds
H Gaye> -pH
-

som
# physical distance from Gaye> to P.

Constant

131 Vector line Integral
① Definition

• Setting : suppose we have
ravening direction

"

I> an oriented curve e ( curve w/ orientation)
D a vector field F over E .

Poods Q P .# Q( as.EE#asm:::.ieir:esiwes
.

)
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• If e : oriented curve & P : point on e , we write

TCP) = [ unit tangent vector at P]

TCP)
-7

men.

• F. IT is the tangential component of ft at P :

FCP)
7
;
i¥I÷

TCP)

DEI The vector line Integral of F over E is defined as

{ (F.IT) ds
and is denoted by

£ IF dir or Jeff, doc + Edy + Fda)
• dir = Ldx

, dy .
de) = Tlds is often called vector

differential
.

Q Is this strange thing ever useful ?

I Absolutely ! .⑦
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② Parametrization

• If Ir : parametrization of e , then its orientation ( traverse
direction) may be either :

positive or negative
( the same as the (the opposite of
orientation of e) the orientation of e)

too
•¥.

• in scalar line Integral , both can be used . BUT
, since

IT = {
kY¥⇒ for positively oriented

-

Htt)
Tire fur negatively oriented,

we have to distinguish both cases Th vector the integral .

THI If it :[a. b] → e is positively oriented param .

,

then

felt . dir = fab Earth) - lrttldt .
• If we write Mt) = LXH)

, yet) ,
ZHI>, then

felt . dir = fab ( Farah .DIII t -
- - + Earth)DIII) dt .
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Ee Evaluate Je F - dir
,
where

F- = Cy ,
eh

,
x-127

,

e : param -ed by lrct) = Lttl , t
'

,
2> ( I Etsz)

Sold Furth) . NH) =L t' , e- , t-13 > - L l
.
2T ,
o>

= t2 + 2e't t Ctt3)
So

,

Je F. dir =/
,

>

(t't C2EtDt + 3) de

= [ Est (Zeki) . It 3T] ? = - - .

. D

¥ Let
D e : circle of radius R at O, oriented CCW

.

• IF = LIE , 5¥
.

Then e may be param-ed by
NH) = ( Roost , R sink> .

Costs2K)

⇒ It ' Ct) = L- 125Mt , Rost>

⇒ Je F. dir
= f.
*

( -R£# , REIT) - L-Rosine . Roost> dt

= 12" dt = 21T
.

D
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③ Extensions & Properties
• - e : curve e with the opposite orientation .

To ⇒ me
e - e

• e, test - - - ten : union of curves G , - -
i

, eh

§ = e,
t est es tea

.

E3

PROX
• ( linearity)

{ (aft BG ) . dir = a Jett. dm t b JEG - dir

• (Reversing orientation)

felt . dir = -Je E- dir

• (Additivity )

fer
. . - +en

Tt - dir = Je
,

Tt. dir t - - - + Jen F. dir .



6

Exe Compute Je F - dir
,
where

I = ( y ,
-227

,

,
Ez

( lil)
e-- ¥

O

Sol ) so Write e = e, testes as above .
Then

-

e, : Hce) = Lt , -127 , O Et El
,

ez : NH) = LI- t , I > , Costel
.

ez : Itf) = Lo ,
I - t > , OETEI .

( CAUTION : t '→ stil> will traverse - ez , notes) .

Then

£ F. dir =L ( ydx - seedy)

and

= £194 - x'dy) ,

f. cydx -seedy ) =L '(yd¥ - x'¥) at
= f' ( E. I - E - zt) de = -I

.

↳ (ydx - seedy) =/ 'll - Ct ) - Ci-e5 - o) dt = - I
~

0

along ez , dy
"

=
"
O

.
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↳ (yada - seedy) = f
"

( Chet . Ot o - C-D) dt = o
.

7=7' O over E3

: . Jett . dir = - to - I to = - ¥
. D


